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1. Introduction & Background
1.1

Introduction

SCHOTTEL Instream Tidal turbines (SITs) are currently installed on their partner Sustainable Marine Energy’s platforms
PLAT-I 4.63, shown in Figure 1.1 and PLAT-I 6.40, shown in Figure 1.2. PLAT-I 4.63 has been deployed in Scotland and
Nova Scotia, to assess its performance in the field environment and how this compares to the multitude of lab and numerical
assessments. In 2021, Sustainable Marine launched its new 420kW PLAT-I 6.40 floating tidal energy platform in the Bay of
Fundy, Nova Scotia, Canada which will form part of the world’s first floating tidal energy array. The device is currently
undergoing commissioning and testing in Grand Passage before it’s deployed to Fundy Ocean Research Centre for Energy
(FORCE). On both PLAT-I systems, the SITs are installed downstream of the support structure – the SIT Deployment Module
SDM shown in Figure 1.3- and at comparably low immersion depth of 0.75 diameters below the surface.

Figure 1.1: SIT250 turbines with the 6.3m rotor deployed to Sustainable Marine Energy’s tidal energy system PLAT-I 4.63 in
Canada [1]

Figure 1.2: SIT250 turbines with the 4m rotor deployed to Sustainable Marine Energy’s tidal energy system PLAT-I 6.40 in
Canada [1]
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Figure 1.3: the six SIT deployment modules (SDMs) of Sustainable Marine’s PLAT-I 6.40 platform [1]

Previous model-scale investigations had been carried out without the support structure and a sufficiently immersion depth.
The complex dynamics in the wake of the support structure and close to the water surface produce complicated flow fields
entering the rotor plane. This differs significantly from the “ideal conditions” of the previous model scale testing and
numerical modelling. The unknown effects on the turbines performance characteristics such as power, thrust and cavitation
have to be investigated experimentally using realistic test setup capturing the operating conditions at the PLAT-I systems.
The aim of this work was to investigate how the interaction with the support structure and the water surface, respectively,
effect the performance of the turbine in terms of power, thrust and cavitation characteristics.
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1.2

Development So Far

1.2.1

Stage Gate Progress
Previously completed:



Planned for this project: 

STAGE GATE CRITERIA
Stage 1 – Concept Validation
Linear monochromatic waves to validate or calibrate numerical models of the system (25 – 100 waves)
Finite monochromatic waves to include higher order effects (25 –100 waves)
Hull(s) sea worthiness in real seas (scaled duration at 3 hours)
Restricted degrees of freedom (DofF) if required by the early mathematical models
Provide the empirical hydrodynamic co-efficient associated with the device (for mathematical modelling
tuning)
Investigate physical process governing device response. May not be well defined theoretically or numerically
solvable
Real seaway productivity (scaled duration at 20-30 minutes)
Initially 2-D (flume) test programme
Short crested seas need only be run at this early stage if the devices anticipated performance would be
significantly affected by them
Evidence of the device seaworthiness
Initial indication of the full system load regimes
Stage 2 – Design Validation
Accurately simulated PTO characteristics
Performance in real seaways (long and short crested)
Survival loading and extreme motion behaviour.
Active damping control (may be deferred to Stage 3)
Device design changes and modifications
Mooring arrangements and effects on motion
Data for proposed PTO design and bench testing (Stage 3)
Engineering Design (Prototype), feasibility and costing
Site Review for Stage 3 and Stage 4 deployments
Over topping rates
Stage 3 – Sub-Systems Validation
To investigate physical properties not well scaled & validate performance figures
To employ a realistic/actual PTO and generating system & develop control strategies
To qualify environmental factors (i.e. the device on the environment and vice versa) e.g. marine growth,
corrosion, windage and current drag
To validate electrical supply quality and power electronic requirements.
To quantify survival conditions, mooring behaviour and hull seaworthiness
Manufacturing, deployment, recovery and O&M (component reliability)
Project planning and management, including licensing, certification, insurance etc.
Stage 4 – Solo Device Validation
Hull seaworthiness and survival strategies
Mooring and cable connection issues, including failure modes
PTO performance and reliability
Component and assembly longevity
Electricity supply quality (absorbed/pneumatic power-converted/electrical power)
Application in local wave climate conditions
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Status






































STAGE GATE CRITERIA
Project management, manufacturing, deployment, recovery, etc
Service, maintenance and operational experience [O&M]
Accepted EIA
Stage 5 – Multi-Device Demonstration
Economic Feasibility/Profitability
Multiple units performance
Device array interactions
Power supply interaction & quality
Environmental impact issues
Full technical and economic due diligence
Compliance of all operations with existing legal requirements

1.2.2

Status












Plan for This Access

Plan for this Access and Short-term Objectives
 Experimental investigation of the influence of turbine - support structure interaction on performance in terms of
power, thrust and cavitation characteristics
 Experimental investigation of the influence of the immersion depth on the turbine performance in terms of power,
thrust and cavitation characteristics
 Determine effect on turbine performance characteristics compared to ideal inflow conditions such that it design
methods can be adapted accordingly
Medium-term Objectives
 Assessment of suitability of the turbine support structure configuration for commercial deployment in Bay of Fundy
 Assessment of suitability of the planned turbine immersion depth for commercial deployment in Bay of Fundy
Long-term Objectives
 Optimize the design methods based on the learnings
 Test methodologies for analysing interaction between turbine, support structure and free surface
Potential Commercial Benefits/Progress
 Better understanding of the influence of potential performance degradation for commercial projects and reduce risk
of loss of revenue
 Analysis of impact on power output and fatigue loads for improved LCOE costings over project lifetime
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2. Outline of Work Carried Out
2.1

Setup

The following section describes the setup used for the tests.

2.1.1

Test configuration

There were two main test configurations realized during this project:
1. “no strut”: there were no obstacles upstream of the rotor to ensure close to ideal inflow conditions.
2. “strut”: a simplified model of the SIT250 drivetrain as well as of the SDM were installed upstream of the rotor
representing the configuration of PLAT-I 6.40
Figure 2.1 schematically shows the used test setup for the “strut”-configuration. In both setups, the rotor was mounted to a
dynamometer controlling the operating point and recording the rotor rotational speed, thrust and torque. The immersion of
the shaft below the waterline is varied within the project. The dynamometer is located downstream of the rotor to avoid
unwanted additional interaction with the wake of the dynamometer shaft.
The test section has the following dimensions: 10 m × 3.6 m× 3 m (L×W ×D) (free surface at 2.25 m). For the used rotor
model having a diameter of 0.5m meter, the effective blockage ratio was 2.5%. The operating points were set by controlling
the flow velocity and static pressure in the test section as well as the rotational speed of the rotor.

Figure 2.1: Basic test setup of the “strut” configuration
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2.1.2 Turbine and SDM Model

Figure 2.2: Test setup – left 1:8.6 scaled model of the 4.3m full-scale turbine (“no strut” configuration); right: “strut”
configuration including model of the turbine fixture SDM

The used rotor model, shown in Figure 2.2, has a diameter of 0.5m resulting in scaling factors of 1:8.6 and the 4.3m full-scale
turbine. It was CNC-milled from stainless steel by the workshop of the SVA Potsdam. The model of the SDM and nacelle
was built by the CRN-INM. It has been constructed from aluminium core parts providing the required strength and 3D printed
parts are used to represent of the outer shape of drivetrain and SDM.

2.1.3 Instrumentation
The control and data acquisition systems are placed at the visible part of the circulating water channel’s test section. Figure
2.3 shows the control room and test section with the model turbine and SDM.

Figure 2.3: Visible part of the test section with control and data acquisition systems in front
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The dynamometer is operated/controlled with the console shown in Figure 2.4. Height and alignment of the turbine axis with
respect to X and Y axes can be easily changed/adjusted with the help of this dynamometer without removing the water from
the circulating channel even under depressurised conditions.

Figure 2.4: Dynamo Control console

Figure 2.5: Cameras setup to observe cavitation

Two cameras were used to observe cavitation, one at the side of the turbine exactly perpendicular to the axis and the other
one slightly behind the turbine with some angle facing towards the suction side. In addition to the visual observation of
cavitation, a hydrophone was installed downstream of the rotor plane, shown in Figure 2.2, to record the cavitation related
noise emission of the turbine.
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Figure 2.6: Flash and Camera setup

Two Flashes were used which works perfectly in synchronisation with two cameras. Two synchronizers were used one for
each pair of camera and flash light.

Figure 2.7: Synchronizers

All measurement data, acoustic signal and video footage were observed and recoded using the lab’s data acquisition system
shown in Figure 2.8.
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Figure 2.8: Data acquisition system

2.2

Tests

The test program consists of three stages:
1) Reference measurments: measurement of the turbine performance under ideal operating conditions and with
minimal influence of the free surface and no turbine support structure upstream of rotor plane (“no strut”
configuration).
2) Immersion depth variations: measurement of the turbine performance for different immersion depths of the nacelle
to evaluate the influence of the free surface on the turbine performance (“no strut” configuration). Turbine shaft
(hub) immersion hhub varied between 600 mm (hhub = 1.2 D) and 750 mm (hhub = 1.5 D).
3) PLAT-I setup: test setup that represents the operating conditions of the turbine at the PLAT-I, i.e. with the turbine
support structure (“SDM”) upstrem of the rotor plane and the design immersion depth of the nacelle (“strut”
configuration).
The basic testing procedure at all stages was the same. Tests were carried out at five different velocities (U0 = 1.5 m/s - 3.25
m/s) and over a range of tip speed ratios, which had been achieved by varying the rotational speed of the turbine for a given
inﬂow velocity. Time records of thrust, torque, rotational speed and inﬂow speed were recorded synchronously, allowing an
assessment of accuracy. According to the recommendations of the International Towing Tank Conference (ITTC) [1], the
measured values for thrust and torque were corrected using a dummy hub having the same mass as the model turbine.
The risk of cavitation on the model turbines was investigated by varying onset flow speed and pressure in the test section.
Recalling the large dimensions of the test section and the very large air volume above the free surface, the establishment of
imposed pressure conditions in the test section implies an hours’ time necessary to pump air away from the test section. Then,
a suitable testing approach was applied to make possible the analysis of the largest number of flow speed and pressure
conditions in the available facility access time.
Specifically, a grid of flow speed and pressure conditions was performed in which every day the pressure in the test section
was first reduced to the lowest value in the test matrix, 200 mBar. Once the condition was achieved by pumping air away
from the test section, different onset flow speed conditions were imposed and turbine operation was analysed over a full TSR
range from deep stall (TSR=1) to free wheeling (TSR=9.5). Next, pressure was raised to the next value in the text matrix and
the onset flow speed varied again. The procedure was repeated along the day by step-wise increases of pressure values in the
test section.

2.3
2.3.1

Results
Dimensional turbine performance

In the following section the results of the “no strut” and “strut” configurations are exemplarily presented. Figure 2.9 (“no
strut”) and Figure 2.10 (“strut”), respectively, present the dimensional turbine performance in terms of torque Q, power P and
thrust T as functions of the rotor speed is presented for the all flow speeds from U0 = 1.5 m/s up to U0 = 3.25 m/s. The
- 13 -

immersion depth of the hub was hhub = 1.5D = 750 mm for both setups that are presented in Figure 2.9 and Figure 2.10. To
account for losses in the measurement setup, dummy hub corrections were applied.

Figure 2.9: Dimensional turbine performance of the “no Strut” configuration for varying flow speeds – upper: torque as
function of the rotor speed; middle: power as function of the rotor speed; lower: thrust as function of the rotor speed
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Figure 2.10: Dimensional turbine performance of the “Strut” configuration for varying flow speeds – upper: torque as
function of the rotor speed; middle: power as function of the rotor speed; lower: thrust as function of the rotor speed
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2.3.2

Non-dimensional turbine performance

In the following section exemplary measurement results are shown as non-dimensional performance characteristics for the
“strut” and the “strut” configuration, respectively. The characteristics are given for inflow velocities from U0 = 1.5 m/s up to
U0 = 3.25 m/s. To account for losses in the measurement setup, dummy hub corrections were applied. The turbine performance
is shown in terms of the power coefficient CP
𝐶𝑃 = 𝜌
2
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where P is the shaft power, Q the measured shaft torque,  the measured rotational speed, T the measured turbine thrust, 
the density and D the rotor diameter. These values are presented as function of the tip speed ratio  = R/U0.
The upper diagram of Figure 2.11 shows the torque coefficient CQ of the “no strut” as function of the tip speed ratio for
increasing flow speeds. The results show that CQ is very similar for flow speeds up to U0 = 2.5 m/s. In that range the maximum
CQ is at a tip speed ration of  = 3.5 and more or less decreasing linearly for higher tip speed ratios. For U 0 = 3.0 m/s and U0
= 3.25 m/s, the maximum CQ is at a similar magnitude as for the lower flow speeds but already at a tip speed ratio of  = 3.
Thus, for higher tip speed ratios CQ for U0 = 3.0 m/s and U0 = 3.25 m/s is below the values of the lower inflow speeds. A
sudden change of the CQ-slope at 8.5 for U0 = 3.0 m/s and 8.0 for U0 = 3.0 m/s imply that incipient cavitation starts
to affect the turbine performance at this operating range. Due to their close relationship, similar phenomena were observed
for the power coefficient CP, shown in the middle diagram of Figure 2.11 as function of the tip speed ratio. While the course
of CP is very similar for flow speeds up to U0 = 2.5 m/s it is distinctively lower for U0 = 3.0 m/s and U0 = 3.25 m/s at > 3.5.
For all inflow speeds the CP has a “flat peak” around 5. For U0 = 3.0 m/s and U0 = 3.25 m/s the influence of cavitation
was observed at high tip speed ratios through a much steeper drop of CP as compared to the lower inflow velocities. In the
case of U0 = 3.0 m/s, the incipient cavitation seems to cause a slight increase of CP before the distinct power drop off. This
can be explained with the formation of attached sheet cavitation on portions of the blade suction side. The noted effect on
blade loads is common on marine propeller blades. A stable sheet cavity determines a virtual increase of blade section camber
with a consequent increase of sectional lift force. As flow conditions determine a further growth and destabilization of the
cavity, this effect vanishes and a drop of sectional lift is observed. The experimentally obtained thrust coefficient CT of the
“no strut” configuration is shown in the lower diagram of Figure 2.11 for all five flow speeds from U0 = 1.5 m/s up to U0 =
3.25 m/s. As for CQ and CP, CT behaves very similar for flow speeds up to U0 = 2.5 m/s and is reduced for U0 = 3.0 m/s and
U0 = 3.25 m/s at > 4. Furthermore, a cavitation related thrust reduction can be identified for the two highest flow speeds for
> 8.5 and > 7.5, respectively.
Figure 2.12 shows the non-dimensional performance characteristics for the “strut” configuration, i.e. with the model of the
SIT and SDM upstream of the rotor. All three turbine characteristics, CQ, CP and CT, are very similar to the values of the
“strut” configuration discussed above at overall slightly reduced. Main difference is that the performance at U0 = 3.0 m/s is
in between the stable values of U0 ≤ 2.5 m/s and a further reduction for U0 = 3.25 m/s. A comparison between “no-strut” and
“strut” configuration results is presented later, see Figure 2.15 and Figure 2.16.
Based on theory and experience from previous model scale tests increasing CQ and CP are expected for increasing flow speeds
as the viscous drag at the blades surfaces reduces with higher Reynolds numbers. It seems like that an unknown effect is
superposed, neutralizing the positive Reynolds effect for U0 ≤ 2.5 m/s and overtaking for U0 = 3.0 m/s and U0 = 3.25 m/s. As
the Reynolds numbers are at a critical region, the uncharacteristic behaviour might be caused by transition from mainly
laminar boundary layer to a turbulent boundary layer. An argument against this theory is that the thrust is affected as well.
Another possible explanation is that the blades twist resulting in reduced angle of attacks and hence reduced loads. This has
been observed during previous model scale tests of another SIT250 blade design [3]. The stacking line of the SIT250 blades
is designed to provide a sufficiently high torsional moment to support the passive-adaptive pitch. Thus, a “passive pitch”
- 16 -

behaviour is possible even for an isotropic material like stainless steel. Further analyses are required to determine the root
cause of the observed phenomena.

Figure 2.11: Non-dimensional turbine performance of the “no Strut” configuration for varying flow speeds – upper: torque
coefficient as function of the tip speed ratio; middle: power coefficient as function of the tip speed ratio; lower: thrust
coefficient as function of the tip speed ratio
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Figure 2.12: Non-dimensional turbine performance of the “Strut” configuration for varying flow speeds – upper: torque
coefficient as function of the tip speed ratio; middle: power coefficient as function of the tip speed ratio; lower: thrust
coefficient as function of the tip speed ratio
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2.3.3

Cavitation

Besides measuring the turbine performance for varying cavitation numbers, a further objective of this project was the visual
investigation of cavitation. Therefore, the rotor was filmed using a high speed and high resolution camera system (see Section
2.1.3). The analysis of the camera recordings allows to determine the type, location and expansion of the occurring cavitation.
This might enable to distinguish weather the occurring cavitation could harm the blade or is acceptable. Thus, a unique
database of photo and video material was generated: cavitation observations are linked to the respective operating conditions,
the measured turbine performance characteristics, and the noise measured by the hydrophone. In the following section, an
exemplary selection of the recorded material is presented. The radial positions of r/R = 0.4, r/R = 0.5, r/R = 0.6, r/R = 0.7, r/R
= 0.8, r/R = 0.9 and r/R = 0.95 were marked on the rotor, with the radial position r normalized with the tip radius R. A
quantitative analysis of the cavitation tests, resulting in a description of cavitation at a wide range of operating points, is in
progress. To give a first impression, Figure 2.13 and Figure 2.14, respectively, show the rotor at constant flow speeds and tip
speed ratios for decreasing static pressure.
A basic parameter in this analysis is the cavitation index, that quantifies in non-dimensional form the difference between
ambient and vapor pressure at test conditions. In particular, the following expression has been used:
𝜎07 =

𝑝0 − 𝑝𝑣𝑎𝑝
𝜌 2 ,
2 𝑉07

2
where 𝑝0 and 𝑝𝑣𝑎𝑝 denote, respectively, ambient and vapor pressure at given ambient temperature, whereas 𝑉07
is the total
velocity at blade sections at 70% of span. As expected, Figure 2.13 and Figure 2.14 show that, for given turbine operating
conditions (V, ), the extension of the cavitating flow region increases as the cavitation index 𝜎07 reduces.

Figure 2.13: Cavitation for constant flow speed of U0 = 2 m/s, constant tip speed ratio  = 6.5 and decreasing the
cavitation index 𝝈𝟎𝟕 from 0.75 to 0.35.
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Figure 2.14: Cavitation for constant flow speed of U0 = 3 m/s, constant tip speed ratio  = 7.5 and decreasing the cavitation
index 𝝈𝟎𝟕 from 0.8 to 0.4.

2.4

Analysis & Conclusions

Due to the large amount of data obtained throughout this MaRINET2 project, the majority of intended analyses and
exploitations is underway. However, based on the measurement data, exemplarily presented in section 2.3, first analyses have
been conducted.
Initial predictions of the model scale turbine were conducted based on our in-house blade element momentum model. A
detailed description of the BEM model can be found in [4]. The polar data used for the BEM is obtained utilizing the public
domain code XFoil by DRELA [5]. The transition from a laminar to turbulent boundary is forced close to the leading edge
representing a high turbulence intensity in free stream. Post stall data are obtained from VITERNA et al. [27] – since empirical,
not very accurate, but ensuring numerical stability.
In Figure 2.15 the experimentally obtained torque, power and thrust of the strut and no strut configuration is compared against
the corresponding BEM predictions, exemplarily for U0 = 2.5 m/s. The deviations at low rotor speeds are due to the fact that
the flow is separated at large parts of the blade. These stall conditions are not captured well by the BEM and hence no accurate
prediction is expected. The non-dimensional comparison of the performance characteristics, shown in Figure 2.16, confirms
that the agreement between experimentally obtained and predicted turbine performance is good for the relevant operating
range  ≥ 3 since the turbine is operated at  ≥ 5. The agreement between experimentally obtained and predicted turbine
performance is good for the relevant operating range  ≥ 5.
The comparison of the “sturt” and “no strut” configurations imply that the model of the SDM upstream of the rotor leads to
an increased turbulence intensity and hence higher percentage of turbulent boundary layers across the rotor (slightly reduced
CQ and CP) in the model scale tests. However, there is no sign of a reduced overall mass flow through the rotor plane as CT is
identical within plotting accuracy for both configurations. Since turbulence intensities in tidal flows are very high (often
>10%), the impact of the SDM induced turbulence for the full-scale device is likely significantly smaller as compared to the
here presented results.
Overall the presented comparison represents a successful validation of the new 4.3m rotor design even under consideration
of the upstream structure of the SDM disturbing the inflow of the rotor.
- 20 -

Figure 2.15: Comparison of dimensional turbine performance of the “no strut” and the “strut” configuration against BEM
predictions for varying flow speeds – upper: torque as function of the rotor speed; middle: power as function of the rotor
speed; lower: thrust as function of the rotor speed
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Figure 2.16: Comparison of non-dimensional turbine performance of the “no strut” and the “strut” configuration against
BEM predictions for a flow speed of U0 = 2.5 m/s – upper: torque coefficient as function of the tip speed ratio; middle:
power coefficient as function of the tip speed ratio; lower: thrust coefficient as function of the tip speed ratio
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3. Main Learning Outcomes
Key outcomes of this MaRINET2 project were:





Experimental validation of the new 4.3m rotor blade design’s hydrodynamic performance and hence a significant derisking of the blade development programme.
Experimental investigation of effect of the disturbing structures upstream of the rotor.
Experimental investigation of effect of the comparably shallow immersion depth of the turbine.
The conducted test and the recorded data generated a unique database of turbine performance, video material and
acoustic signals which enables to further optimize the design tools.

The data obtained from the very comprehensive cavitation tests will be used to build a connection between turbine operating
points and the likelihood of occurrence of different cavitation types. This database can be used within the design and
optimization process of next generation of rotor blades to avoid undesired cavitation within the targeted operating range of
the device. Furthermore, it might enable the detection of cavitation in the field.

3.1

Progress Made

Plan for this Access and Short-term Objectives
The three key short term objectives of this project




Experimental investigation of the influence of turbine - support structure interaction on performance in terms of
power, thrust and cavitation characteristics
Experimental investigation of the influence of the immersion depth on the turbine performance in terms of power,
thrust and cavitation characteristics
Determine effect on turbine performance characteristics compared to ideal inflow conditions such that it design
methods can be adapted accordingly

have all been successfully achieved.
Medium-term Objectives
The initial analyses indicate that the key medium-term objectives



Assessment of suitability of the turbine support structure configuration for commercial deployment in Bay of Fundy.
Assessment of suitability of the planned turbine immersion depth for commercial deployment in Bay of Fundy

were already successfully achieved since the experimentally obtained turbine performance is in good agreement with the
design prediction.
Long-term Objectives
 Optimize the design methods based on the learnings
 Test methodologies for analysing interaction between turbine, support structure and free surface
The data base generated within this project enables and is hence a key milestone on the way of achieving the long-term
objectives of this project.
Potential Commercial Benefits/Progress
 Better understanding of the influence of potential performance degradation for commercial projects and reduce risk
of loss of revenue
 Analysis of impact on power output and fatigue loads for improved LCOE costings over project lifetime
Key outcome of the project with subject to the commercial benefit and progress is the experimental validation of the new
rotor design including the influence of the structure upstream of the rotor and the influence of the free surface. This de-risks
all commercial projects significantly in which the tested technology is utilised since the turbine performance is a key design
input for all components of the “load path” as well as key input for any yield calculation.

3.1.1

Progress Made: For This User-Group or Technology

The main progress for the user-group and the tidal turbines are
-

Experimental validation of a new rotor design
Unique database of turbine performance, pictures and acoustic probes linked to defined operating points for validation
and improvement of design tools
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-

3.1.2

Building up know-how regarding the influence of the upstream structures and free surface on the turbine’s
performance.
Feed into review and next generation of blade designs

Next Steps for Research or Staged Development Plan – Exit/Change & Retest/Proceed?

Following the successful performance validation in model scale tests, the next step in the development of the new 4.3m is
building and structural testing of full-scale prototypes and finally the full-scale performance test in the field.
Regarding the measurement results, the main task to follow up is the detailed analyses of the vast amount of data gathered
within this project. This will eventually enable
-

3.1.3

The comparison against results in a highly blocked test section
Derive improved blockage corrections based on empirical data
Gather field data from the full-scale devices and compare against the measurement results from similar operating
points

Progress Made: For Marine Renewable Energy Industry

The combined measurement of the turbine performance with visual and acoustic recordings gives a well-rounded picture of
the complex phenomena cavitation. To obtain valuable results, the performance measurement instruments, acoustic and visual
instrumentation must be carefully synchronized.
Particular attention should be paid to test programme. Ideally, it should cover the full range of operating points of the fullscale device. As this is only possible to a limited extend, varying the parameter which is not in line with the full-scale device,
e.g. the Reynolds number, improves the understanding of its impact on cavitation and might allow reasonable extrapolation.
In this respect it is important to test model-scale devices at the highest flow speed conditions, and avoid as much as possible
critical Reynolds number ranges for blade boundary layer transition.

3.2









Key Lessons Learned
Test programme has to be carefully developed and agreed well in advance
The test facility offers high quality resources to design and built the test setup
For tidal turbine tests – the rotational direction has to be in line with the pre-installed measurement setup
For cavitation tests – a non-reflecting surface of the model rotor is preferable to minimise reflections of the
stroboscope lights
The scaling factor should represent the best compromise between reaching sufficient Reynolds numbers without
occurrence of cavitation (the larger the better) and limiting blockage effects (ideally a small ratio between swept area
and cross section of the test section)
Test programme has to consider the facility’s constraints – the facility staff can help with their experience optimising
the test programme to gain a maximum of findings during the limited access time
Testing did validate the blades performance in terms of the key characteristics

4. Further Information
4.1

Scientific Publications

No scientific publication has been made yet. However, it is planned to publish the results when the analyses of the results are
finished.

4.2

Website & Social Media

Website: https://www.schottel-industries.de/schottel-industries-gmbh/schottel-hydro-gmbh/
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5. Appendices
5.1

Stage Development Summary Table

The table following offers an overview of the test programmes recommended by IEA-OES for each Technology Readiness
Level. This is only offered as a guide and is in no way extensive of the full test programme that should be committed to at
each TRL.

NASA Technology Readiness Levels 1

1

https://www.nasa.gov/directorates/heo/scan/engineering/technology/txt_accordion1.html
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NASA TRL Definition Hardware Description Software Description Exit Criteria
TRL Definition
Hardware Description
Software Description
1
Basic principles
Scientific
knowledge
generated Scientific
knowledge
observed

and

reported.

underpinning

hardware

technology

concepts/applications.

Exit Criteria
generated

Peer reviewed publication

underpinning basic properties of software

of research underlying the

architecture and mathematical formulation.

proposed
concept/application.

2

Technology

Invention begins, practical application is

Practical application is identified but is

Documented

concept

identified

no

speculative, no experimental proof or

of the application/concept

application

experimental proof or detailed analysis is

detailed analysis is available to support the

that addresses feasibility

formulated.

available to support the conjecture.

conjecture. Basic properties of algorithms,

and benefit.

and/or

but

is

speculative,

representations
Basic

and

principles

concepts

coded.

description

defined.

Experiments

performed with synthetic data.
3

Analytical and

Analytical studies place the technology in

Development of limited functionality to

Documented

experimental

an appropriate context and laboratory

validate critical properties and predictions

analytical/experimental

critical

demonstrations,

using

results

function

and/or

modelling

and

simulation validate analytical prediction.

non-integrated

software

components.

predictions

characteristic

validating
of

key

parameters.

proof of concept.
4

5

Component

A

and/or

breadboard is built and operated to

low

fidelity

components

breadboard

demonstrate

functionally

establish

demonstrating agreement

validation in

critical test environments, and associated

interoperability and begin architecture

with analytical predictions.

laboratory

performance predictions are defined

development.

Documented definition of

environment.

relative

Relevant

to

system/component

basic

functionality

the

final

and

operating

Key,

functionally
are

critical,

software

integrated,

validated,

Environments

to

and

defined

and

Documented test
Performance

relevant environment.

environment.

performance in this environment predicted.

Component

A medium fidelity system/component

End-to-end

elements

Documented

and/or

brassboard is built and operated to

implemented and interfaced with existing

performance

breadboard

demonstrate overall performance in a

systems/simulations conforming to target

demonstrating agreement

validation in

simulated operational environment with

environment. End-to-end software system,

with analytical predictions.

relevant

realistic support elements that

tested in relevant environment, meeting

Documented definition of

environment.

demonstrates overall performance in

predicted performance. Operational

scaling requirements.

critical areas. Performance predictions are

environment

made

Prototype implementations developed.

for

subsequent

development

software

performance

test

predicted.

phases.
6

7

System/sub-

A high fidelity system/component

Prototype implementations of the software

Documented

system model or

prototype that adequately addresses all

demonstrated

performance

prototype

critical scaling issues is built and operated

problems. Partially integrate with existing

demonstrating agreement

demonstration in

in a relevant environment to demonstrate

hardware/software

with analytical predictions.

an operational

operations under critical environmental

documentation

environment.

conditions.

feasibility fully demonstrated.

System

A high fidelity engineering unit that

Prototype software exists having all key

Documented test

prototype

adequately addresses all critical scaling

functionality available for demonstration

Performance

demonstration in

issues is built and operated in a relevant

and test. Well integrated with operational

demonstrating agreement

an operational

environment

demonstrate

hardware/software systems demonstrating

with analytical predictions.

environment.

performance in the actual operational

operational feasibility. Most software bugs

environment

removed. Limited documentation available.

to
and

platform

(ground,

airborne, or space).
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on

full-scale
systems.

available.

realistic
Limited

test

Engineering

8

Actual system

The final product in its final configuration

All

thoroughly

Documented

test

completed and

is successfully demonstrated through test

debugged and fully integrated with all

performance

verifying

"flight qualified"

and analysis for its intended operational

operational hardware and software

analytical predictions.

through test and

environment

systems. All user documentation, training

demonstration.

airborne, or space).

and

platform

(ground,

software

has

documentation,

been

and

maintenance

documentation completed. All functionality
successfully demonstrated in simulated
operational

scenarios.

Verification

and

Validation (V&V) completed.
9

Actual

system

The final product is successfully operated

All

flight

proven

in an actual mission.

debugged and fully integrated with all

software

has

been

thoroughly

through

operational hardware/software systems.

successful

All documentation has been completed.

mission

Sustaining software engineering support is

operations.

in place. System has been successfully
operated in the operational environment.
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Documented
operational results

mission

28
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